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[09/16/2005] Some pages from the history of the creation of thermonuclear
weapons in the USSR

Yu.A. Trutnev, First Deputy Scientific Director of RFNC-
VNIIEF, Academician of the Russian Academy of Sciences

In this article I will outline a number of features and interesting
points from the history of the creation and development of
thermonuclear weapons in the USSR, in which I had the
opportunity to take a direct part. I will consider only the period of
time that relates to the first stages of the development of our

country's thermonuclear program. I want to emphasize that this was the most
important period, the importance of which cannot be overestimated, since it was
at this time that fundamental physical ideas were put forward and the first
fundamental steps were taken to implement them, which laid the foundation for
our thermonuclear weapons.

Creation of RDS-37

Initially in the period 1952–1953. I worked for D.A. Frank-Kamenetsky and studied
physical issues related to the possibility of detonation of deuterium in cylindrical
systems. After that, I was involved in research related to the possibility of creating
a two-stage thermonuclear charge. Research into the energy processes of a
nuclear explosion of primary sources (nuclear charges) was of fundamental
importance. The peculiarity of the circuits of some of these charges was that the
level of energy release realized in them was sufficient for the main part of the
energy of a nuclear explosion to come out of the central region containing fissile
materials in the form of X-rays and spread through the products of the explosion
of chemical explosives. This feature of a nuclear explosion was studied back in
1947–1948. in the pioneering works of the group L.D. Landau.

At the first stages of my activity, I worked on the issues of energy release of
nuclear charges and the release of radiation energy from them, and I had thoughts
about using this energy to compress the secondary module.

To form the direction of energy transfer, according to the proposal of A.D.
Sakharov, the primary and secondary modules were enclosed in a single shell,
which had good quality for reflecting X-ray radiation, and measures were provided
inside the charge to facilitate the transfer of X-ray radiation in the desired
direction.

In the course of this work, I was able to propose a method for concentrating the
energy of X-ray radiation in material pressure, which made it possible to
effectively carry out radiation implosion.

These studies also led me to determine a method that made it possible to ensure a
predictable configuration of channels for the transfer of X-ray radiation, which later
found wide application in two-stage thermonuclear charges. An important direction
of my research at this stage of work was the study of various modes and
conditions of thermonuclear combustion of the secondary module and
determination of its energy release.

Of fundamental importance for the success of the development of a two-stage
thermonuclear charge were the work on creating a primary energy source, led by
Ya.B. Zeldovich.

A significant role in the formation of the principle of radiation implosion was played
by D.A. Frank-Kamenetsky, who at the end of 1954, together with A.D. Sakharov
issued a report that analyzed many of the scientific aspects of the new principle
and the possibilities of its application to create various types of thermonuclear
charges.

This two-stage charge scheme contained all the characteristic features of using the
principle of radiation implosion to compress the secondary module. In this case,
the problem of ensuring spherically symmetric compression of the secondary
module was radically solved, since the time of “symmetrization” of the energy
around the secondary module was much less than the time of compression of this
module.

This pioneering work required the solution of new physical and mathematical
questions. One of the main problems was to develop methods for calculating the
transfer of X-ray radiation in a two-stage charge configuration.

The first two-stage thermonuclear charge, designated RDS-37, was developed in
1955 and successfully tested on November 22, 1955. The energy release of the
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charge in the experiment was 1.6 Mt, and since for safety reasons at the
Semipalatinsk test site the charge was tested at partial power, the predicted full-
scale energy release of the charge was ~ 3 Mt. The energy release amplification
factor in RDS-37 was about two orders of magnitude, the charge did not use
tritium, the thermonuclear fuel was lithium deuteride, and the main fissile material
was U-238. The creation of the RDS-37 charge was a breakthrough in solving the
problem of thermonuclear weapons, and the charge itself was the prototype of all
subsequent two-stage thermonuclear charges of the USSR.

A large team of theoretical physicists took part in the work on creating the RDS-37
charge. Together with Ya.B. Zeldovich and A.D. The Sakharovs managed to put
forward fundamental proposals, the implementation of which largely determined
the appearance of this charge. In my submission for the title of “Hero of Socialist
Labor” A.D. Sakharov wrote that “in 1954, Trutnev was one of the co-authors of
the most important invention, which determined the entire further course of work
at the facility.”

I will also cite the statements of Yu.B. Khariton and the performance of A.D.
Sakharov, related to the history of the creation of RDS-37.

“The decisive contribution to the creation of a new charge design (RDS-37) was
made here by A.D. Sakharov, Ya.B. Zeldovich, Yu.A. Trutnev" (Yu.B. Khariton,
Yu.N. Smirnov “On some myths and legends around Soviet atomic and hydrogen
projects” in the book “Man of the Century. Yu.B. Khariton”, Moscow, Publishing
House, 1999, p. 143).

Now, decades later, it has become clear that the RDS-37 was a godsend.

Creation of “product 49” - a prototype of modern Russian thermonuclear
charges

After the creation of RDS-37, intensive work began on the development of a new
principle and the creation of new thermonuclear charges. A powerful intellectual
impulse arose, which at times acquired the character of feverish activity.

During the “thermonuclear race” of 1956–1958. (Nuclear tests ended on
November 3, 1958, and the first moratorium on their conduct began) 59 nuclear
tests were carried out in the USSR, which is 2.5 times higher than their number in
the period 1949–1955. The total megatonnage of nuclear tests by the end of 1958
was 27 Mt, with 90% of it occurring between 1956 and 1958. To support the
implementation of the thermonuclear weapons program, the Northern Test Site
was created on the Novaya Zemlya Islands, where 29 nuclear tests with a total
megatonnage of 20.7 Mt were conducted by the beginning of the moratorium.

Particular attention should be paid to the works of 1958. This year, a new type of
thermonuclear charge, “product 49,” was tested, which was the next step in the
formation of a standard for thermonuclear charges (its development was
completed in 1957, but testing on the SIP did not take place). The ideologists of
this project and the developers of the physical charge circuit were Yu.N. Babaev
and I. The peculiarity of the new charge was that, using the basic principles of the
RDS-37, it was possible to:

• significantly reduce overall parameters due to a new bold solution to the problem
of transfer of X-ray radiation, which determines implosion;

• simplify the layered structure of the secondary module, which turned out to be
an extremely important practical decision.

According to the conditions of adaptation to specific carriers, “product 49” was
developed in a smaller overall weight category compared to the RDS-37 charge,
but its specific volumetric energy release turned out to be 2.4 times greater. The
physical design of the charge turned out to be extremely successful; the charge
was transferred to service and subsequently underwent modernization associated
with the replacement of primary energy sources.

In 1958, together with Yu.N. The Babaevs managed to develop 4 thermonuclear
charges, which were tested on the field in 7 full-scale tests, and all of them were
successful. This work was practically implemented within 8 months of 1958. All of
these charges used a new circuit, first introduced in Product 49. Their energy
release ranged from 0.3 to 2.8 Mt.

In addition, in 1958, under my leadership M.V. Fedulov also developed the lightest
thermonuclear charge at that time according to the “product 49” design, which
was also successfully tested. Work on the miniaturization of thermonuclear
weapons was new at that time, and it was met with a certain misunderstanding
and resistance. However, our position was understood and appreciated by I.V.
Kurchatov, who supported it, which decided the issue of testing this new
thermonuclear charge in 1958.
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Rice. 1. Two phases of the RDS-37 explosion on November 22, 1955

1961–1962. Creating the basis of the thermonuclear arsenal of the USSR

In the fall of 1958, the USSR entered into a joint moratorium on nuclear tests with
the United States. Without touching on the political side of the issue, we note that
for the USSR this was an unsuccessful decision in military-technical terms. By this
time, the United States had conducted 196 nuclear tests and created a powerful
thermonuclear arsenal, which included 7.5 thousand nuclear and thermonuclear
charges. Its total megatonnage in 1958 was 17.3 Gt (!). During the moratorium in
1960, the number of warheads in the US nuclear arsenal increased to 18.6
thousand, and its total megatonnage was 20.5 Gt. These figures show that the
required level of megatonnage had already been achieved, and that the
capabilities of the US nuclear arsenal were being diversified by increasing its size.

The total number of types of US nuclear and thermonuclear charges developed
before the moratorium and transferred into service (before or after the
moratorium) can be estimated at 35–40, and the total volume of their production
is estimated at 40 thousand units.

The USSR did not have anything like this. This was a period of unconditional US
nuclear superiority, and it was in their interests to “freeze” this situation. By this
time, the USSR had already created “product 49” and a number of other
thermonuclear charges, but the necessary replication of thermonuclear charges
into various size and mass categories had not yet been achieved. It was also
necessary to solve the problem of creating “super-powerful” thermonuclear
charges in order to to some extent counter the enormous superiority of the US
thermonuclear arsenal. It was impossible to do this without nuclear tests, and a
dangerous period of growth in the US nuclear capabilities began during the
moratorium period, based on the introduction of a system of nuclear and
thermonuclear charges that they had worked out by that time.

Rice. 2. Model of the RDS-37 in the VNIIEF nuclear weapons museum.

Our politicians talked about a nuclear-free world, about a complete ban on nuclear
tests, and the USSR was surrounded by a network of US and NATO military bases,
relying on which the US could actually destroy our state in a thermonuclear war. At
the same time, we had practically no possibility of retaliating a significant threat to
the American state.

Due to the deterioration of Soviet-American relations, on September 1, 1961, the
moratorium on nuclear tests was interrupted, and the period of testing a new
generation of thermonuclear charges of the USSR began. This period lasted only
16 months, but it was enough to practically create the basis of the thermonuclear
arsenal of the USSR.

All developments 1961–1962. thermonuclear charges in Sarov were carried out
under the leadership of A.D. Sakharova, Yu.A. Trutneva and Yu.N. Babaeva. Each
development was usually supervised by one of these leaders, sometimes the
leadership was carried out jointly. At the same time, I also happened to be an
active developer of specific samples of thermonuclear charges.

During nuclear tests carried out with systems developed in Sarov, new
thermonuclear charges were created with an energy release from 100 kt to 100
Mt. I note that out of 20 tests of thermonuclear charges in which I participated, 19
tests were successful. My co-authors on these developments were A.D. Sakharov,
Yu.N. Babaev, V.B. Adamsky, V.G. Zagrafov, V.S. Lebedev, V.N. Mokhov, V.S.
Pinaev, A.G. Rasskazov, Yu.N. Smirnov.

During this period of time, I had the opportunity to work closely with outstanding
luminaries who laid the foundations for the development of our nuclear and
thermonuclear weapons. I cannot help but note such a bright personality,
personifying many of the virtues of a true theoretical physicist, as Ya.B. Zeldovich.
Subsequently, when Yakov Borisovich had already left VNIIEF, I often had to meet
with him, including at the Academy of Sciences. I will cite excerpts from one of his
letters to me as a “document of the era” (Fig. 3).
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Rice. 3. Letter from Ya.B. Zeldovich Yu.A. Trutnev (October 1977)

Creation of a superbomb

One of the well-known pages in the history of work on thermonuclear weapons of
the USSR is the creation of a superbomb - the most powerful thermonuclear
charge. I will dwell on some points of this development.

After the end of the moratorium in 1961, the development of this super-powerful
charge was carried out in Sarov on my initiative and under the leadership of A.D.
Sakharova, Yu.A. Trutneva and Yu.N. Babaeva; The team of authors also included
V.B. Adamsky and Yu.N. Smirnov. Original solutions and accumulated experience
made it possible to implement this development extremely quickly, and the charge
was successfully tested on October 30, 1961.

Among the features of this charge, it should be noted that the large volume of the
charge (due to its high energy release) required significant amounts of X-ray
energy to carry out implosion. The developed nuclear charges did not satisfy this
condition, and therefore, a previously developed two-stage thermonuclear charge
with a relatively low energy release was used as the primary source of the “super-
powerful charge”. This charge was developed by me and Yu.N. Babaev.

Another feature of the super-powerful charge was related to the provision of full-
scale tests. A full-scale test of a charge with E = 100 Mt would result in a
significant yield of radioactivity, determined by the fission products of U-238. In
addition, due to the specific conditions of the release of the aerial bomb in which
the charge was located, the height of the explosion was insufficient to prevent the
fireball of the explosion from touching the surface of the earth, and in this case
significant radioactive contamination of the test site would have occurred.
Therefore A.D. Sakharov proposed and practically implemented a partial-scale test
of a superbomb, in the secondary module of which U-238 was replaced with
passive materials that do not fission and are not significantly activated by
thermonuclear neutrons. In addition, reducing the energy release level to 50 Mt
made it possible to avoid the fireball of the explosion touching the ground. Thus,
despite the enormous energy release, this test was carried out in a relatively
environmentally friendly manner.

The creation and testing of the superbomb had great political significance,
demonstrating that the USSR had solved the problem of achieving almost any level
of megatonnage in its nuclear arsenal. It is interesting to note that after this the
growth of the megatonnage of the US nuclear arsenal stopped.
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Rice. 4. Text of Yu.A.’s presentation. Trutnev to be awarded the title "Hero of
Socialist Labor"

Solution to the problem of thermonuclear ignition

A feature of all thermonuclear charges under consideration was that the initial
heating of thermonuclear fuel was carried out in them by the nuclear energy
release of fissile materials. The importance of solving the problem of direct ignition
of thermonuclear material due to its heating during the process of implosion was
realized in the first stages of the implementation of the nuclear program.

After the advent of powerful laser systems, they also began to be used to solve
this problem (known as LTS - laser thermonuclear fusion). However, here too it
has not yet been possible to solve the problem of igniting thermonuclear material.

At the beginning of the program for creating thermonuclear charges, it was
realized that it was important to solve at least part of this problem and ensure the
ignition of thermonuclear fuel in the secondary module due to its implosion. In this
case, the initial energy for implosion was provided by a nuclear explosion of fissile
materials from the primary source. Optimism in solving this problem was due to
the fact that in this case the energy for implosion was several orders of magnitude
higher than the energy of implosion in a chemical explosion.

In 1958, at my suggestion, Sarov specialists joined in solving this problem. To test
the thermonuclear ignition process, a special device (“Golden TIS”) was
developed, but due to the start of the moratorium, it was not possible to test it
then. My co-authors in developing the physical design of this device were V.N.
Mokhov, L.I. Ognev, V.S. Pinaev, V.P. Theodorites. In 1961, a more complex project
attempted thermonuclear ignition, but was unsuccessful. Yu.N. participated in this
development with me. Babaev and V.N. Mokhov. The reason for these failures was
due to the insufficiently high degree of symmetry of the implosion of the central
core of the thermonuclear fuel. In the next project (a return to the untested 1958
system) that I supervised, every effort was made to ensure near-perfect implosion
symmetry. This brilliant work led to success, and in 1962, the problem of
implementing thermonuclear ignition was solved in a special device. In other full-
scale tests that followed, this success was consolidated, and as a result,
thermonuclear ignition provided the calculated combustion of the secondary
module with an energy release of 1 Mt. My co-authors in this development were
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V.B. Adamsky, Yu.N. Babaev, V.G. Zagrafov and V.N. Mokhov.

The practical solution to the problem of thermonuclear ignition had extremely
important consequences. This principle has found a variety of applications in the
creation of fundamentally new types of thermonuclear charges, from special
devices for the use of nuclear explosions for peaceful purposes to significant
military applications.

Instead of conclusion,

I had the opportunity to participate in many large projects for the creation and
development of nuclear and thermonuclear weapons in our country. However, the
first decade of the thermonuclear program was, apparently, the most vibrant
period in our weapons activities.

(Printed with abbreviations)
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